The upper catchment of the Olifants River, from its origin near Bethal to its confluence with the Wilge River, north of Witbank, and its tributaries are being subjected to increasing afforestation, mining, power generation, irrigation, domestic and industrial activities. These activities have a profound effect on the water quality. The major point sources of pollution in the study area include mines, industries and very importantly, combined sewage purification works that are located alongside the river. In addition to oxidizable material, these sources contain detergents, nutrients and metals. It was therefore necessary to determine the extent to which these activities affect the water quality of the system. The bioaccumulation of zinc (Zn), copper(Cu), manganese (Mn), lead (Pb), chromium (Cr), nickel (Ni), aluminium (Al) and iron (Fe) in the skin, muscle, liver and gill tissues of Clarias gariepinus and Labeo umbratus from the Upper Olifants River and Klein Olifants River was investigated over the period February 1994 to May 1995. The highest concentrations of these metals were found in the gill and liver tissues of both species, with lower concentrations in the skin and muscle tissues. Bioaccumulation patterns were found to vary according to the species of the fish, mainly according to their different feeding habits and the routes of metal uptake. It also varied as a function of the different localities. Accumulation was size specific, with higher concentrations of metals found in smaller fish.
Introduction
All metals are natural constituents of the environment and are found in varying levels in all ground and surface waters (Martin and Coughtrey, 1982) . Some are essential, required for the normal metabolism of aquatic organisms, while others are non-essential and play no significant biological roles (Prosi, 1979; Rainbow and White 1989) . In addition to their natural occurrence, metals may enter and contaminate the environment from five general sources namely geological weathering (the source of natural/background levels), industrial processing of metals and ores, the use of metals and their compounds, leaching of metals from municipal and solid waste dumps -especially mine dumps, and animal and human excretions (Förstner and Prosi, 1979; Witman, 1979) . Metal pollution in South Africa and especially in the Upper Olifants River catchment area, is mainly attributed to water use for afforestation, mining and power generation, irrigation as well as domestic and industrial purposes (Coetzee, 1996) .
Metals are persistent and tend to accumulate in the environment, especially in the sediments (Tessier and Campbell, 1990; Birch et al., 1996) . The chemical characteristics of metals are responsible for the fact that all metals ultimately become toxic at some elevated concentration (Rainbow, 1985) . Abnormally high concentrations can cause the inability of organisms to excrete, sequester or otherwise detoxify themselves, especially in the case of nonessential metals (Thorp et al., 1979) . They can also become strongly enriched in the aquatic food chain, through a process referred to as biomagnification (Förstner and Müller, 1976) .
Organisms can accumulate metals to levels above those which are required for normal physiological functioning. The measurement of metal concentrations in these organisms provides the basis for the use of bioaccumulative indicators of the degree of metal pollution in various aquatic ecosystems. The objective of this study was to determine the extent of zinc (Zn), copper (Cu), manganese (Mn), lead (Pb), chromium (Cr), nickel (Ni), aluminium (Al) and iron (Fe) bioaccumulation in different tissues of the African Sharptooth Catfish, Clarias gariepinus and the Moggel, Labeo umbratus from the Upper Olifants River Catchment (Klein Olifants River -Locality KOR1 and the Olifants River -Locality OR1) (Fig. 1) . These data were required to assess the possibility of elevated levels of these metals in fish due to point and diffuse sources of pollution in the Upper Catchment of the Olifants River. The dependence of bioaccumulation in different tissues on the species, size, gender and locality differences of these fish were specifically addressed.
Experimental method Description of catchment and localities
The Olifants River originates in the Bethal-Trichardt area and flows in an easterly direction before crossing the Kruger National Park into Mozambique (Fig. 1) . The Olifants River basin in the Transvaal drains a large area of over 54 575 km 2 (Theron et al., 1991) . Although conditions are not ideal for afforestation due to low rainfall, approximately 17 680 ha of exotic afforestation occurs in the upper catchment, which is concentrated around Witbank and Middelburg in the catchments of the Olifants and Klein Olifants Rivers respectively. The upper catchment, with its tributaries, drains a portion of the Mpumalanga highveld where most of the The study area includes two sampling sites namely Locality KOR1 (Locality 13 in Coetzee, 1996) in the Klein Olifants River and Locality OR1 (Locality 14 in Coetzee,1996) in the Olifants River. These were chosen to determine the water quality and the effect of the different effluent discharges in the Klein Olifants River before its confluence with the Olifants River (KOR1) as well as in the Olifants River after its confluence with all the streams receiving effluent from mines, industries, towns and power stations in the area, before it reaches the Klein Olifants River. Locality KOR1 is dependent on water from the Middelburg Dam and the sewage works located upstream from this locality. The point sources of pollution in this area are mainly the combined sewage treatment works and domestic and industrial effluent. The sewage
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Localities of the sampling sites in the Olifants River (OR1) and Klein Olifants River (KOR1) in the Upper Olifants River Catchment treatment works and a number of informal settlements alongside the river are responsible for the nutrient load in the river (e.g. phosphates and nitrates) which can lead to eutrophication. The industries in the area are point sources containing constituents such as calcium, sulphates, potassium, sodium and metals. Industries in the Middelburg area include steelworks and engineering firms providing services to the steelworks and two large paint factories, which may contribute to surface runoff. The non-point sources in this area are mainly atmospheric deposition, rural and urban runoff and agriculture. Polluted groundwater seeping to surface streams can also be a source of pollution.
Locality OR1 is located at the Olifants River Lodge holiday resort. Aquatic plants (Salvelinus and Potamageton spp.) and algae are common in this area. The pollution point sources above this sampling point are mainly the sewage works, mines and industries containing constituents such as fluorides, metals, phosphates, sulphates, calcium, magnesium, sodium and potassium. This locality receives water from the Witbank Dam and streams such as Suurstroom and Spook Spruit (receiving effluents from mines such as the Middelburg Mine Services) which flow into the Olifants River. Industries located alongside the river in the Witbank area include steelworks like Highveld Steel, Ferro Metals and Trans Alloys as well as service industries for the mines located in the area, a petrol depot and a brewery. Non-point sources include runoff from towns and agricultural activities along the river.
Field sampling
Two freshwater fish species (C. gariepinus and L. umbratus) were collected during the period February 1994 to May 1995 at localities KOR1 and OR1 by means of gill nets (70 to120 mm stretched mesh size) in the Klein Olifants River and Olifants River respectively. For C. gariepinus the mass and total lengths of the fish were recorded after capture and for L. umbratus the mass, fork length, and total length. The fish were dissected on a polythene dissection board, using clean stainless steel tools, wearing surgical gloves. Skin and muscle tissues were removed, placed in clean, pre-washed glass bottles and frozen until further analysis in the laboratory. The liver and gills were removed, the total mass determined and the gill filaments removed, placed in clean pre-washed glass bottles and frozen until metal concentration analyses.
Laboratory procedures
All glassware were soaked in a 2% Contrad soap solution (Merck chemicals) for 24 h, rinsed in distilled water, acid-washed in 1 M HCl for 24 h and rinsed again in distilled water (Giesy and Wiener, 1977) prior to use. The tissues were thawed and rinsed in distilled water to remove excess mucus or other foreign particles that could have adsorbed metals. Approximately 5g of each sample was dried in an oven at 60°C for 48 h. In order to determine the percentage of moisture for each sample, the wet and dry mass of the samples was recorded. The samples were digested by adding concentrated nitric acid (55%) and perchloric acid (70%) to 1 g of dried tissue, in a 2:1 ratio in a 50 ml Erlenmeyer. Digestion was performed on a hotplate at 200 to 250°C for ± 4 h until the solutions were clear (Van Loon, 1980) . After digestion, each solution was filtered through an acid resistant 0.45 µm filter paper under vacuum. The filtering system was rinsed with distilled water and each sample was made up to 50 ml with distilled water and stored in pre-washed bottles until metal concentration analysis.
The metal concentrations were determined using a Varian Atomic Absorption Spectrophotometer (Spectra AA-10) (Varian, 1989) . Analytical standards were prepared from Holpro stock solutions. To assure accurate and precise determination of trace elements in freshwater biological samples, a standard tissue sample (IAEA/R1/64) was used. Metal contamination from the laboratory was avoided. A triplicate acid blank was also analysed.
Statistical procedures
Statistical analyses were performed using the STATISTICA program. The different statistical analyses were only performed on certain data, as sample sizes did not allow the analyses of all the data for all the cases. The capturing success varied and it was not possible to obtain large numbers (preferable >20 individuals, Seymore, 1994) of each fish species at both localities during a specific survey. The low capturing success and the capturing of fish which varied in mass and length did not enable the selection of fish of a specific size and gender for analyses. Because the sample sizes in this study were small, non-parametric methods were used. For the comparison of two groups, for example, gender, localities and species, the Kolmogorov-Smirnov two-sample test was used. This test is sensitive to differences in the general shapes of the distributions in the two groups, i.e. to differences in, for example, dispersion and skewness. For the comparison of multiple groups, in this case the bioaccumulation of metals in the skin, muscle, liver and gills, the Kruskal-Wallis analysis of ranks was used. The interpretation of this test is basically identical to that of the parametric one-way ANOVA, except that it is based on ranks rather than means.
The moisture content of the individual tissues differed from one another and to some extent also from one individual to the next, with the mean percentages being 69±2%, 73±3%, 80±2% and 80±2% for the skin, liver, muscle and gills of L. umbratus respectively. For C. gariepinus the moisture contents were 72±3%, 77±1%, 80±2% and 80±2% in the skin, liver, muscle and gills respectively. As it has been demonstrated that the variations in metal concentrations of a particular organ can be ascribed in large measure to the varying moisture content of that organ, the samples were handled on a dry mass basis (Adrian and Stevens, 1979) .
Tissue differences in the Zn bioaccumulation for C. gariepinus were not clearly distinguishable (Table 1) . Nevertheless, the order ranged between the highest levels in the gills (G) and the liver (L), followed by lower levels in the skin (S) and muscle (M). For L. umbratus the order of bioaccumulation for Zn was more apparent, being G>L>S>M. Zn concentrations ranged from 29 µg/g dry mass in the muscle tissue of L. umbratus to 257 µg/g dry mass in the gills of C. gariepinus. The general order of bioaccumulation for Cu by both species was L>G>M»S with very high concentrations in the liver (Table 2 ). Cu concentrations fluctuated between 2 µg/ g dry mass in the skin tissue of C. gariepinus and 568 µg/g dry mass Available on website http://www.wrc.org.za in the liver of the same species. The highest concentrations of Mn in the tissues/organs of both species were clearly found in the gill tissue, followed by the liver and then the skin and muscle tissue. The differences between these tissues were mostly significant (Table 3 ). The lowest Mn concentration (2±0.5 µg/g dry mass) was found in the muscle tissue of C. gariepinus and the highest concentration (167 µg/g dry mass) in the gill tissue of L. umbratus. For Pb, however, the order of bioaccumulation was not clearly distinguishable, but it was evident that the highest concentrations (values ranged between 2 µg/g dry mass in the muscle tissue of L. umbratus and 32 µg/g dry mass in the gill tissue of the same species) were found in the gill tissue for both species (Table 4) .
The bioaccumulation pattern of Cr (minimum 10 µg/g dry mass -in the liver of C. gariepinus -and maximum 130 µg/g dry mass -in the gill tissue of C. gariepinus) and Ni (minimum 8 µg/g dry mass -in the skin tissue of C. gariepinus -and maximum 71 µg/g dry mass -in the gill tissue of C. gariepinus) was not clear, but it seems as if predominantly, higher concentrations of these metals were found in the gills, followed by the liver, muscle and skin tissues of C. gariepinus and L. umbratus (Tables 5 and 6 ). Al concentrations (ranging between 11 µg/g dry mass in the muscle tissue of C. gariepinus and 371 µg/g dry mass in the gill tissue of C. gariepinus) in the tissues of both species showed high variations (Table 7) . Al accumulated mostly in the gill and liver tissue, followed by the muscle and skin tissues. The highest Fe concentrations were found in the liver of both species, with the exception in August 1994 at locality KOR1 for L. umbratus, where the gill tissue accumulated higher concentrations (Table 8) . Fe concentrations fluctuated between 72 µg/g dry mass in the muscle tissue of C. gariepinus and 3 963 µg/g dry mass in the liver tissue of L. umbratus.
The highest and lowest bioconcentration factors (Bf w ) for the eight selected metals compared to the metal concentrations in the water at the corresponding periods are presented in Table 9 .
Differences in bioaccumulation patterns between species
Statistical analyses were performed only on data from August 1994 at Locality OR1 onward, as sample sizes for the remaining were too small. 
Relationship between metal concentrations and total fish lengths
Because the sample sizes were too small for individual analysis of the different species at the different localities for each month, these variables had to be grouped together in order to obtain statistically verifiable results. The Zn muscle and skin tissue concentrations showed negative correlations with the lengths of the fish. Thus, the larger the fish, the lower the Zn concentrations. The Zn concentrations in the liver and gill tissues showed a positive correlation with total fish lengths, with higher concentrations associated with larger fish. The Cu concentrations in the skin, muscle and liver tissues showed significant negative correlations with the lengths of the fish. The bioaccumulation of Mn in the skin, liver, muscle and gill tissues showed significant negative correlations with the lengths of the fish, with correlation coefficients ranging between -0.03 and -0.27 and Pvalues ± 0.02. There was also a negative correlation between the Pb concentration in the liver, skin and muscle tissues and the lengths of the fish, but a significant positive correlation was found in the gills, with a correlation coefficient of 0.57. Predominantly significant (P±0.05) negative correlations were found for the bioaccumulation of Cr and Ni and the lengths of the fish. The concentrations of Cr and Ni in the gills, however, showed significant (P±0.05) positive correlations, as did the Ni concentrations in the muscle tissue. Significant (P±0.05) negative correlations were also found between the Al concentrations in the skin, liver, muscle and gill tissues of the two species and the lengths of the fish. Fe showed significant negative correlations between the lengths of the fish and the concentrations in the skin and gill tissues, while insignificant correlations for the liver and muscle tissues were found.
Gender differences
Generally, few significant (P±0.05) differences in the accumulation of Zn and Cu in the different tissues/organs were found for both species between males and females. Significant (P±0.05) gender differences were found for Cu, with higher concentrations in the liver tissue of the females at Locality KOR1 in February 1994 for C. gariepinus. No significant gender differences were found for Mn and Pb bioaccumulation. The only significant gender difference was found for Ni in the muscle tissue of C. gariepinus in May 1995 at Locality OR1 with the highest concentrations detected in the females. Metal contamination of aquatic ecosystems has long been recognised as a serious pollution problem. Metals, released into surface water, tend to accumulate in the sediments through adsorption and precipitation processes. It can be reintroduced into the water in a bio-available form with changing water quality conditions to fish which absorbs it from the water by means of gills or epithelial tissues and concentrates it in the body. Metal concentrations in fish have been related to morphometry and pH (Wren et al., 1983) , alkalinity (Scheider et al., 1979) , dissolved organic matter (Wiener and Giesy, 1979) , trophic relationships of fish (Rodgers and Quadri, 1982) as well as differences among species and fish mass within populations (Wren et al., 1983) and usually exhibit positive skewness and are frequently nonnormal (Wiener and Giesy, 1977) , a finding which is supported by data from the present study. Once absorbed, the blood transports the element to a storage point like fat, muscle and bone, or the kidney and liver for storage and/or transformation (Heath, 1987) . Elements transformed by the liver may be stored there and excreted in the bile or stored in extrahepatic tissue like fat. It may also be passed back into the blood for possible excretion by the kidney or gills.
In the present study, metal concentrations in the different tissues were variable, but it was clear that the highest concentrations were found in the gills and liver tissues, followed by the muscle and skin tissues. The gills are very important due to their close contact with the external environment and thus intimate ionic regulation and it is clear that Zn, Mn, Pb, Cr, Ni and Al uptake occurs primarily through the gills. The gill can act as a depot tissue, where the uptake of metals significantly exceeds the elimination and therefore metals will be accumulated.
Zn has a twofold influence on the gills, namely bioconcentration of metals and the structural cellular alterations that were noted on the gills of Tilapia sparmanii (Van Rensburg, 1989) . Zn concentrations in the gill tissue of C. gariepinus and L. umbratus ranged between 88 and 257 µg/g dry mass and 139 and 184 µg/g dry mass respectively. When these results are compared with levels reported by Bezuidenhout et. al., (1990) collected for C. gariepinus from the Germiston Lake in Gauteng, which was also affected by mining and industrial effluents, similar levels were detected in the gill tissue between the two studies. Cu concentrations on the other hand, fluctuated between 5 and 20 µg/g dry mass for C. gariepinus during the present study, which were lower than levels recorded by Bezuidenhout et al., (1990) in the Germiston Lake. The highest Mn concentrations were detected in the gill tissue of L. umbratus which is the main route of uptake of Mn, as little absorption of this metal occurs through the gut from food (Katz et. al., 1972) . Pb was also noted for its specific accumulation in the gill tissue (also noted by Brooks and Rumsy, 1974) . The mean Pb concentrations found in the gill tissue of the two species were higher than concentrations of this metal found in the gill tissue of B. marequensis in the lower Olifants River Catchment (Seymore et.al., 1995) , but lower than concentrations found by Du Preez and Steyn (1992) in the Olifants River, Kruger National Park (assuming a moisture content of 80%). The liver is the site of high bioaccumulation of especially Cu (50 to 568 µg/g dry mass) and also Fe (344 to 3963 µg/g dry mass). These values for Cu were very high compared to values found for Barbus marequensis (Seymore, 1994) , which also accumulated the highest Cu concentrations in its liver. The higher Fe concentrations in the liver tissue from this study (Seymore, 1994 ) also compared well to high Fe levels in the liver tissue from the present study. These high Fe concentrations in the liver tissue may be due to iron-containing enzymes and the extensive vascular system of the liver, as the haemoglobin in the blood binds approximately threequarters of the Fe in the body (Voynar, 1960) . The liver tissue also accumulated the second highest concentrations of Mn, Pb, Cr, Ni and Al. The ability of fish to regulate essential metals should be taken into account. The liver is in an advantageous position for clearing the blood of substances entering the circulation from the gastro- health risk to the consumer. These findings are in contrast to values obtained by Van den Heever and Frey (1996) for C. gariepinus in treated sewage water and natural dam water, with values of 157.3 µg/g wet mass (768.5 µg/g dry mass with moisture content assumed to be 80%) in treated sewage water and 151.9 µg/g wet mass (759.5 µg/g dry mass with 80% moisture content) in natural dam water.
The bioavailability of these metals should also be taken into account. The bioaccumulation factor (BF) can be seen as a constant of proportionality between the concentration of the metal in the fish and the concentration in the water (BF w ) and/or sediment (BF s ). Thus, the calculated values provide some indication of the bioavailability of metals to the fish from the water and/or sediment. The total concentration of the metal in the water does not play the major role in availability of that metal. This was clear from the present study, as higher bioconcentration factors did not coincide with higher metal concentrations in the water (Table 9) . Metal species as well as physico-chemical conditions of the waters such as pH, are very important, as this determines the toxicity and speciation of the metals. It is also important to remember that bioconcentration factors would not give an accurate indication of the relative bioavailability of metals for uptake, if these metals were regulated in the fish, which might have been the case in the present study. Also, the kinetics of uptake play a crucial role. If a steady state is not reached, the bioconcentration factor in itself is a function of time. It must be noted that only one water sample was collected once every three months, stressing the importance of more regular monitoring of the system. More research is therefore needed regarding the bioavailability of metals and the different intestinal tract. Since the blood from this system passes though the liver before reaching the systemic circulation, theoretically the liver can remove toxicants from the blood, biotransform them or excrete them into the bile and thus prevent their distribution to other parts of the body. High metal concentrations therefore reflect its multifunctional role in detoxification and storage and for that reason fish livers were analysed to prove their use as indicators of trace element pollution in the freshwater environment.
The lowest concentrations of Zn, Cu, Mn, Pb, Cr, Ni, Al and Fe were found in the muscle and skin tissues. The metal concentrations in these tissues are very important as these are the edible parts of the fish. Lower concentrations in these tissues can possibly indicate that the skin is an important excretory organ for these metals (Khalaf et al., 1985) , presumably by means of the mucus (Heath, 1987) . The skin tissue, together with the gill tissue, is characterized by a mucus layer on the outer surface. This can indicate them as excretion routes involving the sloughing off of mucus from these surfaces (Varanasi and Markey, 1978) . In August 1994 and February 1995 at Locality KOR1 and in May 1995 at Locality OR1, the mean Pb concentrations in the muscle tissue for both species, ranging between 9 and 12 µg/g dry mass, exceeded the limit for human consumption (8µg/g dry mass, assuming a 75% moisture content) (Brown et al.,1984) . It is therefore proposed that additional research should be done regarding this issue, as the fish at Locality OR1 are consumed by humans. The estimated intake of Cr should average at ± 150 µg Cr per day (Snyder et al., 1975) and in the present study the average Cr concentration in the muscle tissue for the two species was 29 µg/g dry mass and therefore pose no serious forms of these metals in the water and sediment at the specific localities.
Differences in bioaccumulation patterns between species
Although there were several significant (P±0.05) differences between the two species regarding the bioaccumulation of the selected metals, no definite trend could be established. Differences could, however, be attributed to the different feeding habits of the two species, as uptake of metals via the food plays an important role. Mathis and Cummins (1973) found that significantly higher concentrations of Zn were present in omnivorous fish. Thus, the feeding patterns of C. gariepinus, which is omnivorous, catches living prey and eats any organic material (including aquatic weeds, detritus as well as fish, birds, frogs, small mammals, reptiles, snails, crabs, insects and other plant material), are important ( Van der Waal, 1972) . L. umbratus, on the other hand, feeds on soft sediment and organic material (Skelton, 1993) and this can be the main reason for the significant differences between the two species with higher Zn concentrations in the skin, liver and muscle tissue of C. gariepinus. Higher metal concentrations in the skin & muscle tissue of C. gariepinus can also be ascribed to the fact that the catfish does not have scales, facilitating the uptake of the metal through these tissues. High metal concentrations in the gills of L. umbratus can be expected as this fish is dependent only on its gills for breathing and the gills are an important route for metal uptake and the metals are absorbed in the ionic form by the gills in high concentrations. C. gariepinus is also air breathing -using branched air breathing organs situated in the cavities above the gill arches - 
Relationship
-corr +corr +corr +corr -corr +corr -corr â Low bioaccumulation Q High bioaccumulation contributing, together with loss of metals occurring via the gills by the mucus layer covering this organ (Varanasi et al., 1978) to lower metal concentrations in the gills.
Relationships between metal concentrations and total fish lengths
There was a relationship between the bioaccumulation of Zn, Cu, Mn, Pb, Cr, Ni, Al and Fe concentrations and the lengths of the fish ranging between 40 and 77 cm. The concentrations were generally lower with increasing fish size, which can be related to new tissues being incorporated at a greater rate than metals can be actively transported into the tissues to establish a steady state concentration dilution by growth (Cross et al., 1973) , changes in proximal composition of the muscle tissue or decreased dietary intake, contributing to the negative correlation between the bioaccumulation of these metals in the muscle tissue and the size of the fish, which supports findings of Bohn and Mc Elroy (1976) , where the same relationship was found for Al and Fe. Small fish also have a higher metabolic rate per unit body mass than large fish (Patrick and Loulit, 1978) and hence require relatively more oxygen (Winberg, 1956; Matthiessen and Bradfield, 1977) and this requirement is met via a higher rate of flow over the gills and by having a larger gill surface area/g body mass than larger fish (Hughes, 1970) . Thus, increasing metal concentrations can be related to decreasing fish size. Although Cu concentrations in the liver showed a negative correlation, the Zn concentration in this organ increased with fish size. This increase can be accounted for by physiological requirements for survival. It must be stressed that the comparison was based on the fish combined over a time period which may Available on website http://www.wrc.org.za influence the comparison. A more accurate evaluation would be possible if a definite size range of fish was captured at the same time. Nevertheless, the present data and those of previous studies (De Wet et al., 1994) indicate that the size of the fish must be considered, especially when dealing with juveniles compared to adult fish.
Gender differences
The accumulation of metals in the different tissues of the two species showed some difference between male and female fish. No definite trend could, however, be established. It is suggested that the gonads of the different sexes should be examined to determine the actual differences between the males and females regarding the bioaccumulation of these metals in the two species. The developmental stages of the gonads should, however, be considered as this may greatly influence the data. This is supported by findings of Du Preez and Steyn (1992) in a study performed on the concentrations of metals in the tissues of the tigerfish, Hydrocynus vittatus from the Olifants River, Kruger National Park and also by a study performed on other aquatic animals, including tissues of the freshwater crab, Potamonautes warreni from industrial, mine and sewage-polluted freshwater ecosystems (Steenkamp et al., 1994) . Seymore (1994) suggested that female fish require greater amounts of Zn, necessary for gonad development. The concentrations in the gonads therefore increased until the fish were sexually mature. These findings (Seymore, 1994) also showed that when the Zn concentrations in the gonads decreased, Zn concentrations increased in the internal sources (skin, muscle and liver tissues) and the other way around.
Differences between localities
A definite trend in the different bioaccumulation patterns at the two localities was not always evident, but C. gariepinus accumulated more Zn in the liver tissue at Locality OR1 in February 1994. This could possibly be attributed to the absence of dilution, since the river experienced low flows during that time as a result of drier conditions. L. umbratus accumulated more Zn in the liver at Locality KOR1 in February and May 1995, which coincides with higher Zn concentrations in the water at Locality KOR1 in those months (Table 9 ) due to direct input of point source pollution from the combined sewage purification works located upstream from this locality and less rainfall and the low flow of the river which concentrated these pollutants. The lower Zn concentration at this locality for C. gariepinus can be attributed to accumulation of Zn by the liver to the maximum concentration and the consequent regulation thereof by the liver. The higher Zn concentration in the liver was also found for C. gariepinus in treated sewage water in a study regarding the differences in bioaccumulation of Zn and Cu between different tissue types in dam water and treated sewage water (Van den Heever and Frey, 1994) . The Cu skin and muscle tissue concentrations were the highest for C. gariepinus at Locality KOR1 in February 1994. In August 1994 the Cu liver and muscle tissue concentrations were the highest at locality OR1 and for L. umbratus the highest at Locality KOR1 in May 1995.
The Mn bioaccumulation seemed to be the highest at Locality OR1 in the skin, liver, gill and muscle tissues, with the exceptions in February 1994 for C. gariepinus, where the highest Mn concentrations were found at Locality KOR1 in the muscle and liver tissues. This coincides with the higher Mn Bf w at Locality KOR1 at that time (Table 3) . The high Mn concentrations may be attributed to industrial activities in the catchment area as well as to effluents from the combined sewage purification works located upstream. The data presented indicate that the fish are exposed to sublethal levels of Mn and Pb, resulting in the observed concentrations. In the case of Pb, the bioaccumulation in the skin, liver and muscle tissues of L. umbratus was the highest at Locality OR1, receiving effluent from mines and sewage purification works and surface runoff from industries such as paint factories. Once again, C. gariepinus accumulated more Pb at Locality KOR1 in February 1994.
The increase of Cr and Ni concentrations in the tissues of both species and in the water at Locality OR1 may be due to the different industries in the Witbank area and effluent received from the Witbank Dam and the Suurstroom and Spook Spruit. Both of these receive effluent from mines in their areas and flowing into the Olifants River before it reaches this locality.
The metal concentrations were not necessarily higher in the water of Locality OR1 in February 1995, thus the significant differences in the bioaccumulation of these metals could be attributed to the physical/ chemical properties of the water at that time. The Cr and Ni concentrations in the skin, liver, muscle and gill tissues were mostly higher than the concentrations in these tissues obtained by Seymore (1994) for B. marequensis in the lower catchment of the Olifants River. This points to more serious contamination by greater input from point and diffuse sources of pollution in the Upper Catchment of the Olifants River and more intense investigations regarding this is suggested.
In general, fish at Locality OR1, which receives water from various industries and mines in the catchment area, accumulated more Al and Fe than those at Locality KOR1 in August 1994. The Al concentrations in the water in August 1994 were slightly higher at Locality OR1, but for Fe the concentrations in the water were similar at both localities (0.35 and 0.37 mg/l) (Coetzee, 1996) . In May 1994, C. gariepinus accumulated more Fe at Locality KOR1, despite the lower Fe concentrations in the water (Coetzee, 1996) . In these cases, elevated accumulation of the metal may be due to different physical/chemical properties of the water at that time. The highest Fe concentrations were found in fish at Locality OR1 in February 1995, which coincided with much higher Fe concentrations in the water at locality OR1 (Coetzee, 1996) . This may be due to point and diffuse source effluent from the coal mines in the catchment area. For Al the fish at Locality KOR1 accumulated higher concentrations in February 1995, which can be explained by the much higher Al concentrations in the water at this locality at this time (Coetzee,1996) . Fish at Locality KOR1 in May 1995 also accumulated higher levels of Al with the concentrations in the water being much higher at this locality.
Conclusion
There was a large variation in the metal concentrations in the different tissues of C. gariepinus and L. umbratus during the period February 1994 to May 1995. This suggests that the number of fish sampled at each locality should be increased in order to minimize this variation and to be able to select fish of certain size ranges, as the results pointed towards metal accumulation patterns in the muscle, skin, liver and gill tissues, varying as a function of the lengths of the fish, with higher concentrations in smaller fish. The metals mainly accumulated in the gill and liver tissue, followed by the muscle and skin tissue (Table 10 ). Very high concentrations of Cu and Fe were found in the liver tissue, which could indicate that the fish have been exposed to sublethal levels of the metal. The highest concentrations of Zn, Mn, Pb, Cr, Ni and Al were accumulated in the gill tissue, but in a general monitoring program, the muscle and skin tissues should also be included as fish are consumed by humans and in this case, by people from the informal settlements, as well as anglers at Locality OR1.
The accumulation patterns varied as a function of the species, probably according to the different feeding habits of the two species and the routes of metal uptake by the fish, as well as the localities where the fish were collected (Table 10 ). The higher concentrations at the different localities mainly coincided with the higher metal concentrations in the water at the time, with the treated sewage water being a major problem, especially at Locality KOR1 during the drier periods and low flows. In order to have obtained more detailed information with regards to the accumulation of metals according to gender, the gonads of both sexes should have been examined, together with the different tissues/organs used in this study.
The establishment of a general biomonitoring program is needed where the hydrological and geomorphological characteristics, the chemical and physical water quality and the riparian vegetation are also considered as these all affect the aquatic system.
